Abstract. There Figure 2 ). The final result of our meta-analysis yields a mean global pitch angle in the MilkyWay's spiral arms of -13.1 o ± 0.6 o .
Introduction
In a previous study, a persistent large discrepancy was noted in the global pitch angle (Fig.3 in Vallée 2014b) , from global spiral arm fits (positional method). Here we query the global pitch angle using three other methods, to see if these means are comparable with the mean from the positional method.
There is a strong support for the concept of a mean global arm pitch angle for a whole spiral galaxy. In some nearby spiral galaxies, pitch angles are measured for each arm, or segment of arm, and statistics on pitch angle have been made. Thus Honig & Reid (2015) used the positions of HII regions to delineate the pitch angles of spiral arms in M51, M74, NGC 1232 and NGC 3184, and they noted that the pitch angle can vary somewhat along segments of an individual arm around a mean value (with arm segments of 5 kpc each, in their Figure 9 ), and that there is no obvious change of the mean pitch angle with galactocentric distance from the galactic center. Thus the concept of a global spiral arm pitch angle is useful, as an average for a rough galactic model, as an average to compare to other late-type galaxies, etc.
The shape of our Milky Way galaxy is difficult to probe from the position of the Sun in the galactic disk, owing to dust at optical and near-infrared wavelengths (variable absorption of light at different galactic longitudes), and to the need for accurate distances to specific objects (a different distance for each spiral arm). Streaming motions can affect kinematical models, as kinematical distances are not very accurate. Magnetic fields can affect polarization angle and rotation measure; magnetic fields in the Milky Way were recently reviewed by Haverkorn (2015) , Heiles & Haverkorn (2012) , Vallée (2012) , Vallée (2011) . An evolution of our knowledge of the interarm distance through the Sun (between the Perseus arm and the Sagittarius arm) was found (Vallée, 2005; Vallée, 2013 ). An angular offset and a linear separation were found for each chemical tracer, using observed tangents to each spiral arm (Vallée 2014a; Vallée 2014c) .
In Section 2, we derive the pitch angle from the development of a novel method, using the observed arm tangents to the same arm in two different galactic quadrants ("twin arm method"). In Section 3, we collect, survey and analyse the different published pitch angle values from individual fit to each individual spiral arms ("individual arms method"). In Section 4, we survey and statistically analyze the different pitch angle values from global fits as read from recent publications ("positional method"). In Section 5, we derive the local pitch angle from the interarm separation near the Sun as read in recent publications ("adjacent arms method"). In Section 6, we compare the results from these three other methods with the results from the positional method.
2. Twin arm method -pitch angle from the twin tangents to the same arm in different galactic quadrants, for a log-type arm
Here we propose a novel method to extract a common pitch angle for a long arm covering two galactic quadrants. Inner spiral arms can be seen to cross the sun-Galactic Center line, allowing an arm tangent to be measured in Galactic Quadrant IV (longitude l IV < 360 o ) and another arm tangent in Galactic Quadrant I (longitude l I > 0 o ). These twin tangents (for the same long arm) cannot be equally distanced in longitudes from the Sun-Galactic center line, unless the pitch angle is zero. The greater the arm's pitch angle p, the bigger the difference in angular separation between the twin tangents (unequal longitudes).
This novel method assumes that the arm has a constant pitch angle over the two quadrants. It uses two extremely well-observed galactic longitudes for the tangent to that spiral arm (e.g., Table 1 shows a triangle composed of the side (a) the line from the arm tangent point to the Galactic Center, the side (b) the arm tangent from the Sun, the side (c) the line from the Sun to Galactic Center. Galactic quadrants I to IV are shown, as well as the Carina-Sagittarius arm, and the Crux-Centaurus-Scutum arm. The angle A between side (b) and side (c) is the angular separation of the arm from the l=0 line, thus it is the galactic longitude (l) in quadrant I and it is (360 o -l) in quadrant IV. The angle C between side (a) and side (b) is (0.5 + p) in Quadrant I, and it is (0.5 -p) in Quadrant IV, by construction.
The triangle in Quadrant I for the Sagittarius arm has a side b i (distance from to the Sun to the spiral arm tangent point, a side a I (distance from that tangent point to the G.C.), and a side c (distance from G.C. to the Sun), with inside an angle A I (from the Sun to G.C. side c to the Sun-tangent point side b I ), an angle B I (from the Sun to G.C. side c to the G.C. to tangent point side a I ), and an angle C I (from side b I to side a I ).
The angle A I is the galactic longitude l I , while the angle θ I = 90 o -B I , and the angle C I =90 o + pitch angle p. Since the sum of all angles inside a triangle is 180 o , then it follows that θ I = l I + pitch angle p.
The triangle in Quadrant IV for the Carina arm has a side b IV (distance from to the Sun to the spiral arm tangent point, a side a IV (distance from that tangent point to the G.C.), and a side c (distance from G.C. to the Sun), with inside an angle A IV (from the Sun to G.C. side c to the Sun-tangent point side b IV ), an angle B IV (from the Sun to G.C. side c to the G.C. to tangent point side a IV ), and an angle C IV (from side b IV to side a IV ). and taking the ratio, with sin (0.5 + ε) = sin (0.5 -ε), one gets a I / a IV = sin(l I ) / sin( 2 -l IV )
It can be seen that for a ring (p=0), then the two sides are equal since the two angular separations (longitudes) are equal.
The angle B between side (a) and side (c) is deduced from B =( -A -C), while the complement to the angle B is called I in Quadrant I. Here is the angle between the galactic x-axis (perpendicular to side c, at the Galactic Center) and the side a (direction to the tangent point), measured counterclockwise from the x-axis. Hence in each quadrant Q: I = 0.5 -B = 0.5 -( -A -C) = 0.5 -( -l I -(0.5 + p)) = l I + p …in Q I (4) (5) and subtracting, one gets: 
and taking the ratio, one gets
Equating the same ratio a I /a IV , from Equ. 2 and Equ. 4, and taking the log, one gets: (a) longitude (a) mid-arm tracers ( 12 CO, thermal, old HII -top 3 rows) -14.4 starforming tracers (dust, FIR -last 2 rows) Table 1 in Vallée (2014c) We again employ Equation (10) above, upon twinning the Crux-Centaurus arm in Quadrant IV with the Scutum arm in Quadrant I. Table 2 -Pitch angle from twin arm tangents, for the continuing arm Crux-Centaurus-Scutum, with a log-shape arm
Crux-Centaurus spiral arm Scutum spiral arm Chemical observed separation observed combined arm tracer (a) tangent in gal. tangent pitch in galactic long.
In galactic tan(p) p longitude (a) longitude (a) As observed elsewhere for the Milky Way (Vallée 2014a , Vallée 2014c , starforming tracers (hot dust, say) have a small offset towards the Galactic Center when compared to nonstarforming tracers (broad CO, thermal electrons, old HII complex). Being small, this starforming offset would lead to very similar pitch angle results as for a zero offset (within the errors) -see the last rows of these Tables.
Individual arms method -pitch angle from measurement of individual spiral arms
In the Milky Way galaxy, differing pitch angle values have been published for each individual arm, or segment of arm. Here we carry out a metastudy over 21 recently published papers on individual spiral arms. Table 3 shows the literature data, for each individual spiral arm in the Milky Way. For a given arm, the spread of the measured pitch angle is around 8 o . Most papers employed maser data, which can yield the distance to the masers. A fit to several masers in the same spiral arm can yield its arm pitch angle. Here we use basic or 'blind' statistics, and our analyses over earlier data indicated that our weighted averages and un-weighted averages gave similar results, within their errors. Here we have added a separate line of statistics for different methods, again getting roughly similar results.
Taking all data, statistics can be done here on all the pitch angle results. We find the global median value, done over the median value for each individual arm (columns 1 to 5), to be -12.1 o . But if we restrict the statistics to the masers data from the latest results (2013) (2014) (2015) in Table 3 , then we find a global mean pitch of -12.
Each method has its drawbacks. The kinematical method suffers from the need for a precise distance determination. Earlier parallax results have been disputed (Hachisuka et al 2015) , notably on the precise atmospheric correction. So far, the parallax method has yielded nothing for two arms (Norma arm, Cygnus +1 arm), these arms being too distant for parallactic detection. In addition, for the parallax method, the Reid et al (2009) , possibly due to inclusion or exclusion (gaps) of parts of a spiral arm where there is little massive star formation over a long arc in galactic longitude. Finally, if the parallax measurement is limited to a selected longitude range of a given spiral arm, the value obtained may reflect the pitch angle of that part of the spiral arm, as each portion of the same arm can have a different pitch angle than for that arm's overall value (see Fig. 9 in Honig & Reid 2015) .
We can also compare with other nearby spiral galaxies. In a limited study covering 5 selected papers with parallax data published recently (2013-2014), Honig & Reid (2015) found similar pitch angles for Milky Way spiral arms (Scutum, Sagittarius, Perseus, Cygnus) with a mean of -12.9 o ±2.8 o (sdm). They also found that the variation of pitch angle among segments of Milky Way spiral arms to be qualitatively similar to those of four other late-type spirals they studied (M51, M74, NGC 1232 and NGC 3184). 
Positional method -pitch angle from recent publications on individual tracers
Various independent recent publications have offered a value for the global pitch angle of spiral arms in the Milky Way. Each paper normally covers a small galactic longitude range (typically 90 o ), or a small distance range (typically 5 kpc); a global view ensues when we put all these results together.
Since 1995, we have catalogued the different published results for the Milky Way's arms, allowing us to see some trends with the passage of time, owing to our evolving knowledge. There are not enough recent publications to do robust statistics for each different object group (masers, stars, dust, cosmic rays, HII, bubbles, clouds, CO, etc). Blocks are limited to a minimum of 15 and a maximum of 20 entries, as done earlier in this series of paper. Other papers in this series were: Vallée (1995 Here we carry out a metastudy over 31 recently published papers on the shape of the Milky Way galaxy. We gathered from published arm data their chosen pitch angle, number of arms used, interarm separation through the sun's location, which tracer was used, the reference to the most telling figure (or table). These data are summarized into blocks. Primary data (pitch angle, interarm at the Sun's position, arm shape and number) are read off from the 31 recently published figures employing a global model (their own model, or one they adapted from others) displaying their chosen arm tracers. Multiple or 'correlated' entries, except the one having appeared in a refereed publication, were deleted. A re-processed entry, taking advantage of new data or a re-calibration, was kept. Table 4 shows a block of recently published results for mid-2014. Early published results for 2014 were catalogued in Paper VII. Table 5 shows a block of results for late 2014, and early 2015. Where appropriate, some added comments are given in Appendix A. Here we do not wish to weight different methods (parallax, kinematical distance, etc). Going over older data would involve re-calibrating the older data reduction method, owing to our better knowledge over time of previously hidden assumptions and decreasing systematic sources of errors -this is outside the scope of this statistical analysis.
A simple statistical analysis of these tables was made. The median values and mean values are computed at the bottom of these tables. The mean value for the pitch angle is -13.0 o ( (mid-2014) . 
4 log 3.1 red clumps; red giant stars -2014 onwards) .
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Adjacent arms method -pitch angle from the interarm at the Sun's location, for a log-type arm
Two adjacent arms (not a prolongation of the same arm) can be used to infer the joint pitch angle, as shown elsewhere (Paper I). Assuming a logarithmic shape for the arms in the Milky Way, one can derive the link between the interarm separation between two adjacent arms and the logarithmic shape properties (equation 7 in Vallée 1995):
with s = arm separation / R inner arm (12) Some simplifying assumptions apply, namely that one uses the same global pitch angle along all arms, that each spiral arm starts at the same galactic radius, and starts at an azimuth that differs by a multiple of 90 o .
The 'arm separation' is measured along the Sun to Galactic Center line, between the Sagittarius arm (R inner arm ) and the Perseus arm. The number of spiral arms m =4, while = 3.1416, and the distance of the sun to the Galactic Center is taken as 8.0 kpc.
The location of the Sagittarius arm is read from recently published fits as R inner arm =7.0 kpc ( Table 6 . Recent averaged values of the arm separation through the Sun (using a log-shape arm) Table 2 of Paper vi 15
3.20 median (all data) 3.13 3.13 unweighted mean (all data) ±0.1 ±0.1 standard deviation of the mean (all data)
Comparison of different methods to get a global pitch angle
Here we employed four statistical methods: a) the novel "twin arm method" for the continuing arms in two galactic quadrants, assuming a logarithmic arm shape and using 9 individual tracers (Figure 1 , tables 1 & 2, Equ. 10); b) the "individual arms method" from 21 individual papers (table 3) ; c) the "positional method" over the Galaxy from 31 individual papers (tables 4 and 5); d) the "adjacent arms method", assuming a logarithmic arm shape (table 6, Equ. 11).
In Table 7 , we assemble together the best pitch angle values, from each different method. All in all, we find a pitch angle near -13. Table 7 . The best pitch angle value, obtained from each different method. Table 6 in Section 5 Table 7 . Here one finds a consistency between the four methods, within their respective errors. Hence these 4 different methods statistically agree with each other.
Conclusion
We have done a recent survey and a meta-analysis, obtained statistical results, employed four methods, and finally gained a consistency on the global pitch angle for the Milky Way. We developed equations to construct a novel method to extract the best single pitch angle for a long arm covering two galactic quadrants (Figure 1 , Tables 1 and 2) . We have analyzed 50 recent papers giving a plethora of published pitch angle values, covering from -3 o to -20 o (Table  3) for individual arms, and covering from -6 o to -28 o (Tables 4 and 5) for the global galaxy. We used the best interarm separation (Table 6 ) and the log-type arm assumption to get the best mean pitch angle.
Although we find in each method a data set that has a large spread (e.g., -12 o to -15 o in Table 1; -11 o to -16 o in Table 2 ; -2 o to -19 o in Table 3 ; -6 o to -28 o in Table 4 ), the mean and median of each method agrees closely with the mean and median of the other methods.
Thus the mean value of the "twin arms method" (-13.6 o ±0. Using all 4 methods together, our global statistical result (Table 7) is a global pitch angle near -13.1 o ± 0.6 o . It is now hard to see how the global pitch angle in the Milky Way could be claimed to be outside the range from -12.0 o to -14.0 o (Figure 2 ). Any such claim should be scrutinized thoroughly, notably for hidden assumptions, or incomplete calibrations, or strong weighting of some observations (for example, imposing 2 major arms, or choosing a simplistic dust removal, see Vallée 2014b).
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Appendix A. Benyamin et al (2014) used a combination of a 2-arm system with a 11 o pitch angle mixed with a 4-arm system with a 28 o pitch angle. In their Fig. 5 Dobbs & Pettitt (2015) added to their 2-arm model some long branches (the "Local Arm" and the "Inner Ridge" in their Fig. 5a ), both being long (turning more than 360 o around the Galactic Center). Their "Local Arm" does not include the Sun (it being about 2 kpc away in the Galactic Anticenter direction). Without these 2 long branches, they could not fit the CO longitude-velocity diagram (their Fig.5b) . Griv et al (2015, their fig.4 ) employed HII regions near the Sun to fit a 1-arm structure. The 1-arm structure does not fit the known Perseus arm location (about 2.5 kpc away from the Sun), nor the known Sagittarius arm location (about 0.5 kpc away from the Sun).
Hou and Han (2014) tried logarithmic and polynomial arm shapes, as well as fixed and variable pitch angles (their fig.12 ), and fitted 3-arm, 4-arm, and 5-arm models. Their 'far 3-kpc arm" near l=338 o is actually the 'Perseus-origin" arm. Pettitt et al (2014) found that models with 2 arms cannot reproduce all the observed features, and that the 4-arm models require a short local armlet near the Sun (their fig. 26b ).
Schmeja et al (2014) used a 2-arm model, which has many turns around the Galactic Center before reaching the Sun; they did not try to fit a 4-arm model. Their model has twice as many predicted arm tangents as seen from the Sun; most of these extra arm tangents are not seen observationally. Sun et al (2015) used kinematic CO data to get indirect distances, with a scaling to position the High Mass Star Forming Regions in the arms (their Section 3), and got a pitch angle of -9.3 o . Foster & Cooper (2010) previously used the locations of HII regions in the same longitude range (100 to 150 degrees) at distances from 10 to 16 kpc and fitted a very similar arm there (in green in their Fig.7 ) with a smaller pitch angle value.
